1 INTRODUCTION
==============

Telomeres are nucleoprotein structures located at the end of the chromosomes, the role of which is to ensure genomic stability, and prevent chromosomal breaks and fusions. Telomeres are composed of repetitive hexameric DNA sequence TTAGGG, and bounded with proteins of shelterin complex, namely: TRF1, TRF2, TPP1, POT1, RAP1 and TIN2. Their role is the regulation of telomere length, protection, DNA damage repair and control in signalling cascade. At the 3′ end of telomere, DNA forms single stranded T loop structure ([@b1-sjph-54-02-74]) with characteristic secondary quadruplex structures ([Figure 1](#f1-sjph-54-02-74){ref-type="fig"}) ([@b2-sjph-54-02-74]). Telomere length is very variable and can vary between different cell types, chromosomes and even between ends of the same chromosome ([@b3-sjph-54-02-74]).

Telomere ends are prone to replication shortening due to the inability of the polymerases to completely replicate telomere 3′ ends in the process of semiconservative replication ([@b4-sjph-54-02-74]). The enzyme telomerase reverse transcriptase (TERT) is capable of sustaining telomere stability, but only in steam and germ cells ([@b5-sjph-54-02-74], [@b6-sjph-54-02-74]), while in other somatic cells, TERT expression level is very low and the telomeres are shortened by every cell cycle for 100--200 bases ([@b1-sjph-54-02-74]), resulting in a limited number of cell replications. When telomeres reach the critical length (Hayflick limit), the cell enters the senescence, stagnation and finally the apoptosis ([@b4-sjph-54-02-74], [@b7-sjph-54-02-74]).

The telomere length is also affected by environmental and genomic factors, transcriptional control, oxidative stress, inflammation, immune system, endocrine system, DNA damage and other. Additionally, mutations in TERT genes can lead to the development of dyskeratosis congenita, aplastic anaemia and other diseases associated with telomere dysregulation ([@b8-sjph-54-02-74], [@b9-sjph-54-02-74]).

Environmental factors, chronic and autoimmune diseases can induce cell stress, resulting in increased cellular concentration of free radicals, which can damage proteins, lipids and nucleic acids ([@b10-sjph-54-02-74]). Deoxyguanosine has the lowest redox potential of all deoxynucleotides, and is most susceptible to reactions with reactive oxygen species ([@b2-sjph-54-02-74]). Since telomere tandem repeats are guanosine rich, they present highly susceptible sites for reaction with reactive oxygen species and consequential DNA breaks. Additionally, the shelterin complex attached to the telomeric DNA sequence hampers DNA repair ([@b1-sjph-54-02-74]). Oxidative stress can also trigger inflammation, which is associated with increased proliferation of immune cells and, consequently, with an increased rate of telomere shortening ([@b9-sjph-54-02-74]). Inflammation is present in many chronic and autoimmune diseases, such as cardiovascular diseases, rheumatoid arthritis, systemic lupus erythematosus, type 1 and 2 diabetes ([@b9-sjph-54-02-74], [@b11-sjph-54-02-74]). Telomere dynamics and telomere length studies have shown that longer telomere length and slower telomere erosion rate are associated with better health status, better cognitive function, protection from age-related diseases, healthier lipid profile and lower mortality risk ([@b9-sjph-54-02-74]).

1.1 Telomere Length and Type 1 Diabetes
---------------------------------------

Type 1 diabetes (T1D) is a chronic autoimmune disease, characterized by the state of hyperglycemia, as a result of an autoimmune destruction of β pancreatic cells ([@b12-sjph-54-02-74]). Participants with T1D do not produce enough insulin and require exocrine insulin therapy. Disease develops gradually and bursts innately in childhood ([@b13-sjph-54-02-74]). Self-control of the blood sugar level and appropriate dosages of insulin are crucial to reduce the risk for development of diabetic complications ([@b14-sjph-54-02-74]).

Increased levels of reactive oxygen species are present during the development, onset and duration of diabetes ([@b10-sjph-54-02-74], [@b15-sjph-54-02-74]). Only a small number of studies have been published analysing the length of telomeres in T1D. It was reported that T1D subjects have shorter telomere length compared to healthy controls ([@b16-sjph-54-02-74]); in addition, participants with good glycemic control have longer telomere length than the participants with a poorly-controlled one, but the studies were conducted on a relatively small group of participants ([@b17-sjph-54-02-74]). The telomere length was also assessed in diabetic participants as a prediction factor for diabetic nephropathy ([@b18-sjph-54-02-74]) and mortality as a result of diabetic nephropathy ([@b19-sjph-54-02-74]). Both studies did not show any association between the telomere length and diabetic complications.

Moreover, all published studies have investigated the telomere length in adult population, while the telomere length and telomere dynamics in cohort of juvenile participants with T1D has not been analysed yet. Research on participants with rheumatoid arthritis revealed that participants with an earlier onset of the disease have shorter telomere length ([@b20-sjph-54-02-74]), so we aimed to examine this correlation in T1D as well. The aim was also to characterize telomere length and telomere dynamics in juvenile participants and in addition, to evaluate the potential correlation of telomere length with the available clinical parameters that had been determined at the onset of the disease.

2 METHODS
=========

2.1 Participants
----------------

Fifty-three participants with diagnosed T1D, 23 boys and 30 girls (1:1.3 male/female ratio), were included into the study. The participants were from 4 to 14 years old, with mean age at the onset of the disease 8.65 ± 2.61 years, and no additional diagnosed autoimmune diseases. All participants were diagnosed and treated at The Department of Endocrinology, Diabetes and Metabolic Diseases, University Children's Hospital, UMC Ljubljana, Slovenia.

Available data at the first hospitalization of the participants at the onset of the disease for BMI standard deviation score (BMI-SDS) (mean 0.36 ± 1.59), age at the onset of the disease (mean 8.65 ± 2.61 years), serum metabolite of vitamin D 25-hydroxycalcifediol (25-(OH)-D3) concentration (mean 47.00 ± 16.66 nmol/L) and glycated haemoglobin levels (mean 11.04 ± 0.26 %) were collected from the available medical documentation. The research protocol was approved by the Slovene Medical Ethics Committee (Nr: 29/02/13).

2.2 DNA Isolation
-----------------

Genomic DNA was extracted from whole peripheral blood, collected in blood tubes with EDTA, using a FlexiGene DNA isolation kit (Qiagene, Germany) by the established protocol. Extracted DNA was stored on 4 °C at a concentration of approximately 350 ng/μL for less than 2 years and it was diluted to working DNA stock solution with concentration 5 ng/μL.

2.3 Telomere Length Measurement
-------------------------------

We determined ATL with modified Cawthon's method of monochrome multiplex quantitative real time PCR (MMQPCR) ([@b21-sjph-54-02-74]). The basic principle of this method is the determination of telomere product (T) and amount of reference gen beta-globin (S) in a single well. Triplicated measurements of T and S of the same sample were used to calculate the average T/S ratio. The sample used for normalization of the T/S results across different MMQPCR experiments was the DNA sample of the participant with the lowest level of glycated haemoglobin at the onset of the T1D.

PCR reaction mix was composed by 3 μL/well MeltDoctor™ HRM Master Mix (Applied Biosystems®), 1.00 pmol/well of each telomere primer (telG: ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT; telC: TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAAC), 0.55 pmol/well of each reference gen beta globin primer (hbgu: CGGCGGCGGGCGGCGCGGGCTGGGCGGcttcatccacgttcaccttg; hbgd: GCCCGGCCCGCCGCGCCCGTCCCGCCGgaggagaagtctgccgt) and 0.02 μL/well ROX. Final reaction volume was 6 μL/ well and it contained 10 ng of sample DNA.

MMQPCR was performed on 96-well plates on Applied Biosystems 7500 Fast Real Time PCR System with two-part program. We determined Ct value for T factor of T/S analysis in the first run which was immediately followed by the second part of MMQPCR. The Ct value of the second part was used for determination of the amount of the reference gene (S).

The part 1 thermal cycling profile was: 15 min at 95 °C (holding stage), 2 cycles of 15 s at 95 °C and 15 s at 95 °C (cycling stage) and 21 cycles of 15 s at 95 °C, 10 s at 62 °C, 15 s at 71 °C, with signal acquisition (cycling stage), followed by the part 2 thermal profile: 17 cycles of 17 s at 94 °C, 10 s at 62 °C, 15 s at 74°C, 20 s at 84 °C, 15 s at 87 °C with data acquisition (cycling stage), followed holding stage 20 s on 50 °C. For Ct determination, the same threshold cycle levels were used in both, part 1 and part 2, runs. The T/S calculation was performed on the samples where the standard deviation of average Ct-value for T and S factors across the triplicates did not exceeded 10 %.

2.4 Determination of Telomere Length and Statistical Analysis
-------------------------------------------------------------

The Ct data of both experiment runs were used to calculate T/S using ΔΔCt-method. The average T/S of a sample was calculated using data from three parallel experiments, and only results with standard deviation lower than 10 % were included in further analysis. The D'Agostino-Pearson omnibus normality test was performed to assess the data deviation from normal distribution. Consequently, the average T/S values of each sample were correlated against clinical and anthropometric parameters determined at the onset of T1D using Spearman correlation. The differences between upper and lower tertile test groups were assessed with unpaired Welch's t test. The statistical GraphPad Prism software was used for statistical analysis. The p-value below 0.05 was considered to show statistically significant difference or correlation.

3 RESULTS
=========

The ATL was assessed in 53 children with T1D and correlated to clinical and anthropometric parameters determined at the time of the disease onset. Average standard deviation of measured T/S values was 5.25 %. ATL showed weak negative correlation with BMI-SDS values (0.241; p=0.082). This tendency was confirmed with Welch's test of lower and higher ATL tertiles where the difference between average BMI-SDS was statistically significant (0.455 ± 0.438, −0.630 ± 0.295; p=0.049). The correlation between ATL and other investigated parameters was not present. The analysis also revealed negative correlation between 25-(OH)-D3 and BMI-SDS (0.364; p=0.018), where the participants in lower tertile of BMI-SDS had higher values of 25-(OH)-D3 than the participants in higher tertile of BMI-SDS (52.86 ± 4.85 nmol/L; 40.66 ± 3.07 nmol/L; p=0.045). The associations between ATL, the participants' age at the time of the T1D onset and the level of glycated haemoglobin were not statistically significant.

4 DISCUSSION
============

This was the first study where ATL of juvenile participants with T1D at the onset of the disease was investigated. The correlation between ATL and the age of the participants at the onset of T1D was not present. The results show a tendency for negative correlation between BMI-SDS and ATL and are in agreement with previously reported large case-control study on French obese children ([@b22-sjph-54-02-74]). One of the possible explanations for this phenomena is increased chronic inflammation, resulting in higher leukocytes proliferation ([@b23-sjph-54-02-74]) due to increased oxidative stress in diabetic participants ([@b24-sjph-54-02-74]). Additionally, it was observed that participants with higher BMI-SDS had lower serum level of vitamin D. Furthermore, the decreased bioavailability of vitamin D from cutaneous and dietary sources in obese people could be caused by increased bioaccumulation in adipose tissue ([@b25-sjph-54-02-74]). Previous studies have reported that 25-(OH)-D3 has immunomodulatory and preventive role in T1D and that participants with T1D have higher prevalence of 25-(OH)-D3 deficiency ([@b12-sjph-54-02-74]). Association between serum vitamin D levels and ATL has already been reported, but this association was not observed in our study ([@b26-sjph-54-02-74]). This may be due to the relatively small number of participants involved in our study. Nevertheless, the telomere length was reported as a biomarker of negative effects of oxidative stress and inflammation and as such, it has a potential as a predictive factor for various disease development ([@b9-sjph-54-02-74]), especially due to the fact that recent studies revealed an indirect involvement of shelterin complex proteins with the regulation of metabolism ([@b27-sjph-54-02-74]).

It is crucial to increase the number of participants in future studies to investigate the potential involvement of the telomere dynamics in the aetiology of T1D. Nevertheless, the results confirm the findings of the previously reported studies, and indicate that the modified MMQPCR method is adequate for ATL assessment. It would also be reasonable to introduce age matching healthy controls to identify the potential additional correlations between ATL and other parameters, and to elucidate if the factors of telomere dynamics have a role in the development of T1D.

5 CONCLUSION
============

T1D children/adolescents with a shorter ATL tend to have a higher BMI-SDS. Additionally, lower serum vitamin D levels were determined in T1D subjects with a higher BMI-SDS, while associations between serum vitamin D levels, glycated haemoglobin and ATL were not determined. Additional research with a higher number of participants would be required to clearly establish the role of the telomere dynamics in T1D aetiology.
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